I. Introduction

The YumaGroundwater Basin (YGB),
located in the southwestern corner of
Arizona(Figure 1), is an areaof
startling geographic contrasts.
Precipitation in this arid basin averages
less than threeinches annually, y et
because of irrigation it is one of the
world’ s most productive agricultura
zones. Smilarly, much of the YGB is
uninhabited desert, y et the basin has a
large, growing population that increases
seasonally with thearriva of alarge
winter visitor (snowbird) population. A
variety of water-related issuesin the
basin prompted the Arizona Department
of Environmenta Quadity (ADEQ) to
conduct aregiona groundwater quality
study of theYGB in 1995. ThisADEQ
factsheet is asummary of the more
extensive ADEQ hydrology report
availablefromthe agency (1).

I1. Background

The YGB encompasses morethan 750
square miles at the apex of the Colorado
River ddta, gpproximately 70 miles

north of the Gulf of Cdifornia(2). The
basin boundaries are formed by two
hydrologic barriers, the Laguna

M ountains to the northeast and the Gila
and Tingjas Atlas M ountains to the east,
and two political boundaries, the
internationa border with M exico to the
south and west and the Cdiforniaborder
tothewest (Figure 1).

Thebasin consists mainly of private and
military lands with lesser amounts of
various federal, Sate, and Tribal lands.
Thelocal economy is based upon
agricultura (Figure 2), tourism,

military, and manufacturing activities.
Incorporated communitiesin the YGB

Figure 2. The Yumaarea has the highest
rate of pesticide applicationsin Arizona.
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and their 1998 populations include
Yuma (67,443), Somerton (5,280), and
thebi-national city of San Luis (4,212).

The Colorado River, which drains most
of the southwestern U.S,, forms the
western boundary of the YGB. Though
regulated upstream by aseries of
storage dams, the Colorado River is
perennial as far south asthe M orelos
Dam, adiversion dam operated by

M exico gpproximately 11 miles
downstream of thecity of Yuma The
GilaRiver is aso perennial through the
YGB, typicaly servingas anaura
drain for excessirrigation water in the
area. Important sub-aress of the YGB
and their extent includetwo river
valeys: GilaVdley (27,000 acres) and
YumaVadley (65,000 acres), and a

river terrace, YumaM esa (300,000
acres). Thelargely undeveloped Yuma
Desert occupies the remainder of the

mson d a
indark bluein this infracred satellite image of the Yumabasin. Insets include an Arizonamap
highlighting the Yuma basin and adrainage well pumping excess water from irrigation gpplications.
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basin (2).

[11. Hydrol ogy

This study examines the groundwater
qudlity inthetwo shalowest water-
bearingunitsinthe YGB. Theupper,
fine-grained zone consists largely of
sand and silt with clay lenses found at
shallow depthsin theriver valeys. This
zone averages about 100 feet below the
river valeys and 175 feet below the
YumaM esa(2). Only afew domestic
wells draw water fromthis zone, yet it is
important because percolatingwater is
recharged vertically through this
uppermost layer. Underlyingthe
uppermost zoneis thelower, coarse-
gravel zone, which also consists of
aluvid sediments (2). Most Yumaarea



wdlls draw water from this zone because
of its high productivity. Groundwater is
found in other formations below these
two zones but is seldom used for water
production and thus, not examined in
this study.

Thepreferred water sourcein the Yuma
areaisthe Colorado River, with around
700,000 acre-feet diverted annualy at
Imperia Damfor usein both Arizona
and Cdifornia(2). Thissurfacewater is
the main sourcefor both irrigation in the
basin and municipal uses by thecity of
Yuma. Groundwater generaly has
higher salinity levels and is used for
domestic or irrigation purposes only in
areas where (or when) Colorado River
water is unavailable.

Thetowns of Somerton and San Luis

and some rural subdivisions and isolated
residences utilize groundwater for
domestic uses. Groundwater is aso used
forirrigation in limited parts of the Gila
Védley and YumaM esa. M ost
goundweater pumped inthe YGB is
withdrawn by drainagewells (Figure 3)
that are part of the extensive drainage
infrastructure necessary to keep the Gila
and YumaValley s from becoming
water-logged. Thesewsells, located
alongtheinterface betweenthevalleys
and YumaM esa, operate continuously to
offset rising groundwater levels caused
by theimportation of Colorado River
water. Drainagewells feed surface
drains that transport the saline excess
water to M exico.

IV. Methods of Investigation

This study was conducted by the ADEQ
Groundwater M onitoring Unit to
characterizeregiona groundwater

Figure 3. Thehigh productivity of the coarse-
gave zoneis shown by this GilaValey
drainage well. The YumaM esaand Gila

M ountains are seen in the background.
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Figure 4. Totd dissolved solids (TDS) levels vary throughout the basin but tend to be highest
in GilaVdley. High sdlinity levels arethe main limitation in using groundwater for domestic use.
Inset image shows alettuce crop in the GilaValey just below theinterface with the YumaM esa

quality. Sampleswerecollected at 55
sites for inorganic constituents (Figure
4). At selected sites, samples wereaso
collected for the banned pesticides, 1,2-
dibromo-3-chloropropane (DBCP) and
ethylene dibromide (EDB) (41 sites),
currently-registered pesticides (21
sites), and radionuclides (7 sites).

Of the55 totd sites, 42 siteswere
randomly selected usingastratified
design to equally distributethewellsin
three YGB sub-aress (GilaVdley,
YumaM esa, and YumaValey) aswell
asintwo groundwater zones (upper,
fine-grained and lower, coarse-gravel).
Theremaining 13 sample sites were
targeted around specific land uses and
an areaof high nitratelevels. No
samplesiteswerelocated in the
southeastern portion of the basin within
theBarry Goldwater Air Force Range.
Sampling protocol followed the ADEQ
Quality Assurance Project Plan.

Interpretation of the quality control
dataindicated that the effects of

sampling equipment and laboratory
procedures on the analytical results

were not considered significant.
V. Water Quality Standards

The collected groundwater quality data
was compared with federa Safe
DrinkingWater (SDW) standards.
Primary M aximum Contaminant Levels
(M CLs) are enforceable, health-based,
water quality standards that public water
sy stems must meet when supplingthis
resourceto their customers. Primary

M CLs are based on alifetime daily
consumption of two liters of water. Five
of the 55 sites sampled had parameter
levels exceedingaPrimary M CL. All
these exceedances involved nitrate
levels, with four sites located in the
esstern South GilaValey.

Secondary M CLs are unenforceable,
aesthetics-based, water quality standards
that are guiddines for public water
systems. Water with Secondary M CL
exceedances may be unpleasant to drink,
but it is not considered to be ahealth
concern. All of the 55 sites sampled had
parameters exceeding a Secondary

M CL. Individua parameter

exceedances included total dissolved



solids or TDS (55 sites), sulfate (49
sites), chloride (32 sites), manganese (38
sites), and iron (7 sites). Theseresults
indicatethat the chief limitation in using
goundwater inthe YGB is salinity, the
extent of which is shown by variable
TDSlevelsinFigure 4.

Inthe4lsamples collected for banned-
pesticide anaysis, therewere no
detections of either DBCP or EDB. Of
the 21 samples collected for analy sis of
currently-registered pesticides, there
were no detections of the 152 pesticides
or degradation products on the ADEQ
Groundwater Protection List.

VI. Groundwater Compoasition

Groundwater inthe YGB is generdly
dightly alkaline, dightly saline, and
very hard based on pH, TDS, and
hardness levels, respectively. M gjor
ion analy ses revea aconsistent mixed
chemistry of asodium/calcium-
sulfate/chloridetype. Trace elements
such as auminum, barium, cadmium,
chromium, copper, lead, mercury,
silver, and zincwererarely detected.

In contrast, other trace elements such
as arsenic, boron, fluoride, iron,
manganese, and selenium were
detected at morethan 10 percent of the
sites. Nitrate, anutrient, was at levels
in parts of GilaValey and Yuma

M esathat indicate an impact from
human activities. Ammonia, a

nutrient typically not detected in other
Arizonabasins, was found at about half
thesites and may be associated with the
heavy use of ammoniafertilizer in the
area.

Thestrength of association between
levels of different parameters was
assessed using Pearson’ s Correlation
Cosfficient test. M any significant (p#
0.05) correlations among parameter
levelswererevealed. Positive
correlations occur between TDS, mgjor
ions, tota Kjeldahl nitrogen (TKN),
boron, iron, and manganese. In
contrast, these parameters often had
negative correlations with pH.

M ost groundwaeter in Arizonais
oxidizingin nature, however the positive
correlation (p# 0.05) of anmonia, iron,
and manganese levels seems to indicate
that reducing conditions exist in the
YGB. Ammoniaand iron were detected
exclusively a sitesin GilaValey and
YumaValey. Thereducingconditions
may bedriven by the oxy gen demand
presented by decomposing soil organic
carbon in theriver valley s, which were
once marshes. Reducing conditions
would tend to increase the solubility of

iron and manganese and keep any
nitrogen, contributed by heavy crop
fertilizer gpplications, in the ammonia
state.

VII. Groundwater Quality Patterns

Sonificant (p#0.05) statisticd
differences were identified between
parameter levels and basin sub-areas
usingan Analysis of Variance
(ANOVA) test with the Tukey Option.
Parameters suchas TDS, calcium,
magnesium, hardness (Figure 5),
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Figure 5. Boxplot shows hardness levels
are highest in the GilaValey (GV), lowest
intheYumaM esa(YM).

sodium, potassium, chloride, sulfate,
TKN, iron, manganese, and turbidity
had higher levelsin the GilaValley
than YumaM esa Other significant
(p#0.05) patterns include: sodium,
fluoride, boron, and manganese were
higher in GilaValey than Yuma
Vélley; calcium, iron, and turbidity
were higher in YumaValley than
YumaM esa; and nitrate was higher in
YumaM esathan YumaValley.

The ANOVA test was aso used to
examinefor differences between water
zones. Theresultsindicated no
significant (p#0.05) differences among
thelevels of any parameters between
theupper, fine-grained zone and the
lower, coarse-gravel zone.

Although no significant differences
werefound between different water
zones, regression analy sis reveaed
parameters such as calcium,
bicarbonate, sulfate, hardness, total
dkdinity, nitrate, TKN, iron,
manganese, and turbidity had levels
that significantly (p# 0.05) decreased
with increasing groundwater depth
below land surface. Thesedepth
paterns may have been influenced by

thesignificantly (p# 0.05) greater
groundwater depths found in Yuma

M esathaninthevalleys. Thesedata
suggest that generaly vertical variation
islessimportant than spatia variation
for parameter levelsinthe YGB.

VIII. Targeted Sampling

To further investigate ahigh nitrate
level at asitein the eastern South Gila
Valley, eight additional targeted sites
weresampled. Of these, four sites
exceeded the 10 mg/l Primary M CL
nitrate (as nitrogen) standard, with 116
mg/l the highest level found (Figure 6).
Potential sources of nitratein this area
include acommercia septic system as
well as nearby vegetable crops which
generaly need higher inputs of nitrogen
fertilizer than other ty pes of crops.

IX. Groundwater Changes

A time-trend analy sis was conducted by
comparing groundwater quality data
collected from the same 14 wells
approximatey 5years apart. Thewdls,
sampled in 1989-90 by the U.S. Bureau
of Reclamation, were re-sampled by
ADEQ in 1995. A Wilcoxon signed-
rank test was used to examinefor trends
in 15 parameters. Only potassium and
sulfate levels significantly (p#0.05)
differed, increasingover time.

Figure 6. Nitratelevesin the eastern South
GilaValey are often devated above hedth-
based, drinkingwater quality standards.



X. Groundwater Condusions

Comparing parameter levels with water
quality standards suggests that regional
groundwater quality conditionsinthe
YGB generaly support drinkingwater
uses, except with nitratein the eastern
South GilaVadley. However because of
high salinity levels, Yuma-arearesidents
may prefer to usetreasted water or other
sources for domestic purposes (Figure
7). Currently-applied pesticides do not
appear to bemigratingto the
groundwater, perhaps because of their
short half-lives. Thebanned pesticides,
DBCP and EDB, which were detected in
the early 1980s, appear to have been
transported from the areaviarapid
groundwater movement in the basin.

Groundwater inthebasin is farly
chemicaly uniform and similar to
Colorado River water. Thisfinding
supports previous assertions that YGB
groundwater consists largely of
recharged Colorado River water (2).
Parameter leves, particularly TDSand
major ions, are generally highest in Gila
Valley, declinein YumaValley, and are
lowest in YumaM esa. Satistica

analy ses showed many of these
differences to be significant and not
merely happenstance. Thesepatterns
appear to result from acombination of
irrigation development and phy sical
factors unique to each sub-basin.

The source of irrigation water appears to
beamajor factor in Yuma-area
groundwater quaity. Colorado River
water, diverted at LagunaDam, has
irrigated land in YumaValley and North
GilaVdley since 1909. Thelmperid
Dam (Figure 8), constructed in 1938,
largely replaced the functions of Laguna
Dam. This dam extended Colorado

River water for irrigation to the
previously undeveloped YumaM esain
the 1940s and to portions of South Gila
Valley in 1965, which had been irrigated
with groundwater since 1910.

Figure 7. The Yumarareahas numerous
vending machines dispensing Salt Free water,
that islow in TDSlevels, for domestic use.
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Fi gure 8. Thelmperid Dam, located 18 miles northeast of Yuma, diverts Colorado River water

into the GilaGravity M ain Cand for usein Arizonaincluding the Yumabasin as well as into the
All-American Cand for usein Cdifornia. The dam, completed in 1938, replaced Laguna Dam.

Groundwater quaity often deteriorates
inaridirrigated areas dueto salt
buildup as aresult of
evapotranspiration (2). The portion of
irrigation water that is actualy
consumed by plants or lost to
evaporation isvirtualy freeof sdts.
Thus, the vast mgjority of satsthat
wereintheorigina irrigation water
remain in the more saline percolating
water that eventually recharges the
underlyingaquifer (3).

If groundwater is pumped for irrigation
use on nearby lands and the underlying
aquifer receives rechargefromthe
irrigation water applications, this
continual recy clingof groundwater will
dramatically increasethe sdinity of the
aquifer over time (3). This processis
exacerbated in areas of shallow
groundwater wheretherecy cling
process occurs quickly, as appears to be
happeningin South GilaValey (3).

In contrast, recharging aquifers with
Colorado River water that is lower in
TDSlevels than the groundwater would
tend to haveless of acumulative salt
load. Water percolating beneath Yuma
M esamoves toward thevaleysandis
extracted by drainage wells, further
minimizing the sat impact there.

These processes assist in explainingthe
high baseline salinity levels found
throughout the YGB, the particularly
high salinity levels found in the Gila
Valley wherehistoricaly groundwater
has been used for irrigation, and the
salinity differences among sub-aresas.

Other factors such asirrigation history,
groundwater depth and movement, and

soil typemay aso influencethe Yuma

M esa s generaly lower parameter levels.
Irrigation on the mesais amore recent
phenomenon, and groundwater depthis
much greater. Thehighirrigation
applications necessary to grow crops on
themesa s sandy soils (up to 22 acre-feet
per year with citrus) quickly percolae.
Theresulting recharge and its associated
sdt load is largely flushed away from
the groundwater mound that has formed
below the mesatoward both valleys.

---Douglas Towne and Wang Yu
Mapsby Larry W. Stephenson
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